The forthcoming European Space Agency's Sentinel-2 mission promises to provide high (10 m) resolution optical data at higher temporal frequencies (5 day revisit with two operational satellites) than previously available. CNES, the French national space agency, launched a program in 2013, 'SPOT4 take 5', to simulate such a dataflow using the SPOT HRV sensor, which has similar spectral characteristics to the Sentinel sensor, but lower (20m) spatial resolution. Such data flow enables the analysis of the satellite images using temporal analysis, an approach previously restricted to lower spatial resolution sensors. We acquired 23 such images over Tanzania for the period from February to June 2013. The data were analysed with aim of discriminating between different forest cover percentages for landscape units of 0.5 ha over a site characterised by deciduous intact and degraded forests. The SPOT data were processed by one extracting temporal vegetation indices. We assessed the impact of the high acquisition rate with respect to the current rate of one image every 16 days. Validation data, giving the percentage of forest canopy cover in each land unit were provided by very high resolution satellite data. Results show that using the full temporal series it is possible to discriminate between forest units with differences of more than 40% tree cover or more. Classification errors fell exclusively into the adjacent forest canopy cover class of 20% or less. The analyses show that forestation mapping and degradation monitoring will be substantially improved with the Sentinel-2 program.
INTRODUCTION

Monitoring deforestation and forest degradation
For more than a decade the monitoring of deforestation has successfully been carried out at regional levels using moderate spatial resolution satellite data, predominantly from the Landsat sensor (Achard et al. 2009 , INPE 2014 , FAO, JRC, SDSU and UCL 2009 , which has 30 m spatial resolution and a revisit frequency of 16 days. More recently the University of Maryland, in conjunction with Google, have produced global forest change maps (the Global Forest Maps) based on a synthesis of the Landsat archive for the years 2000-2012 (Hansen et al. 2013 ).
The activities proposed in 2011 under the Reduced Emissions from Deforestation and forest Degradation (REDD+) framework, brought new requirements for monitoring deforestation and forest degradation at national levels and finer scales (UNFCCC 2011). Deforestation was defined as a direct human-induced decrease in tree crown cover below 10-30% of forest areas with a minimum size of 0.05-1 ha (UNFCCC 2001) , and degradation as a loss of carbon stock in forest areas with a decrease in the tree crown cover not below the 10-30% threshold (IPCC 2003) .
Participatory countries should implement forest monitoring systems that use an appropriate combination of remote sensing and ground-based forest carbon inventory approaches, with a focus on estimating anthropogenic forest area changes and forest carbon stocks (UNFCCC 2009, p.12) . Preliminary comparisons of the Global Forest Maps with very high resolution satellite data has already highlight that the spatial resolution of the Landsat sensor is too coarse for monitoring deforestation with high accuracy in the context of REDD+, and therefore higher (c. 5-10m) spatial resolution satellite data should be employed (CIFOR 2015) .
The addition of forest degradation in the program implies that the estimations of forest carbon stock changes need to be based, not only on monitoring transitions of land cover classes (e.g. forest to non-forest), but also on transitions within the forest class when there is a loss of carbon sequestration (e.g. forest with more than 30% crown cover into forest with less than 10% crown cover). In this study carried out over a test site in Tanzania, we have considered forest as an area of land with at least 0.5 ha and a minimum tree crown cover of 10%, with trees which have, or have the potential, to reach a minimum height of 5 meters at maturity in situ, according to the definition adopted by the Tanzanian national REDD+ strategy (UN-REDD 2013).
The Sentinel-2 program
The European Union's first Earth Observation programme, Copernicus, is building a series of technologically advanced satellites (the Sentinels), which includes the Sentinel-2 satellites. Sentinel-2 aim to contribute providing inputs for services relying on multi-spectral high-resolution optical observations over global land surfaces, like SPOT and Landsat satellites, but also attempt to cover current limitations with the addition of the technical needs for new requirements. These include higher revisit frequencies, more spectral bands with narrower bandwidths and finer spatial resolutions, in order to improve services as vegetation monitoring (ESA, 2010) .
The design of the Sentinel-2 platform benefited from the experience and lessons learned from other satellites building on their technology. The selection of the spectral bands has been guided by the Landsat, SPOT-5, MERIS and MODIS heritage (ESA, 2010) . The Multi Spectral Instrument (MSI)'s 13 spectral bands' centre range from 0.433 to 2.19μm. There are four visible and near-infrared bands at 10 m spatial resolution, three red edge, one near-infrared and two SWIR at 20 m, and three channels to help in atmospheric correction and cloud screening at 60 m (Drusch et al., 2012) . When complete, the Sentinel-2 program will have two satellites offset in orbit operating simultaneously on opposite sides (Sentinel-2A and Sentinel-2B), each carrying the same instruments. Sentinel-2A is scheduled for launch in June 2015 and Sentinel-2B in late 2016. Together these two satellites will provide coverage every five days at the equator with a 290 km field of view (ESA, 2010).
Forest monitoring is one of the priority services of the Global Monitoring for Environment and Security (GMES) programme for which Sentinel-2 has been tailored. In fact, the revisit requirements were driven by vegetation monitoring, for which those of Landsat and SPOT were not enough. Sentinel-2 observations are explicitly intended to develop key inputs required for Kyoto protocol reporting. Potentially, they could contribute to the Baseline Mapping Service for the REDD+ programme (ESA, 2010) . The Copernicus plans also aim for multiple global acquisitions and a free and open access data policy (European Commission, 2013) , similarly to Landsat.
Time series for forest cover mapping
Short revisit periods are potentially important to monitor forest at national/regional scales. Firstly, the increased coverage provides more opportunity for acquiring cloud-free images, particularly important in tropical regions (Beuchle et al., 2011) . Secondly, because they should allow us to exploit seasonal differences in canopy reflectance characteristics as a means of discriminating between forest cover types and different forest conditions (e.g. closed and open forests, or deciduous and degraded forests), which is especially important for the dry forest.
With the advent of the Sentinel-2, data availability over target areas will increase, allowing temporal analysis previously restricted to moderate (>100m) spatial resolution satellite data (such as MODIS), to be employed in the monitoring of forests at finer spatial resolutions. Sentinel-2 will bring an improvement in the spatial resolution (with the three visible and a near infrared bands at 10m), which will allow a more accurate assessment of deforestation and forest degradation areas taking the minimum scales defined by the UNFCC, and in the spectral sampling (i.e. higher amount of bands with narrower width), with the inclusion of three bands in the red edge, which has shown to be useful for quantitative assessment of vegetation status (Frampton et al., 2013) .
SPOT4 Take 5
Whilst the Sentinel have not been launched yet, in order to prepare for the use of its data, on the 29 th of January 2013 the French space agency CNES lowered the orbit of SPOT4 to put it on the same repeat cycle of th June of the same year. During this period, SPOT passed over by the same 45 selected places every 5 days, one of them in the dry forest in Tanzania as requested by JRC. SPOT4 records in 5 spectral bands: three visible, one near-infrared and one SWIR at 20 m spatial resolution (Hagolle et al., n.d.) . This experiment, SPOT4 Take 5, does not simulate the full spectral and radiometric capabilities of Sentinel-2, but does simulate the revisit frequency and the spatial resolution of Sentinel-2.
For the selected place in Tanzania we obtained 23 SPOT images  from 6 th Feb to 19 th June 2013 at level 2A (ortho-rectified surface reflectance data provided with a cloud mask). They cover an area of 360.000 ha and a period ranging from the end of the wet season to deep into the dry season. This paper examines whether improved temporal sampling at high spatial resolution (20m) with satellite data actually improves our knowledge of deforestation and forest degradation in dry forest ecosystems, such as those found in Tanzania. For this we will: 1) estimate the increment of data availability, by comparing the cloud free image area of SPOT4 Take 5 with that of Landsat for the same period; 2) evaluate the improvement of the temporal resolution, by comparing the time series of SPOT4 Take 5 with that from MODIS; and 3) estimate the improvement of forest classification accuracy, by calculating the separability of forest classes, with Sentinel-2 A and B and only with (the most proximate) Sentinel-2 A.
METHODOLOGY
Study area and reference data
The study area is located in the Somalia-Masai ecoregion, in the dry highlands of Central Tanzania. The climate is semiarid; the rainfall is less than 500mm per year with high interannual variation, the mean monthly temperature between 20 and 25 ºC, and it has a well-defined arid season from beginning of May to end of November. Most of the region is covered with deciduous bushland and thicket (Acacia-Commiphora is the climax vegetation), which grade into evergreen and semi-evergreen bushland and thicket on the lower slopes of the mountains. At higher altitude in the mountains dry forests dominate. The area covered by the SPOT images (blue polygon, Figure 1 ) is centred at Lat Long (-7.226 36.182) , between the Dodoma and the Iringa regions. To the north there are agriculture fields and to the South a mosaic of degraded forest, which was fully covered by forest in 1980. From the Landsat archive we can see that severe deforestation and degradation took place between 1983 and 1994, and in less degree between 1994 and 2011.
A 0.5 m spatial resolution pan-sharpened multispectral image acquired by the WorldView-2 satellite on the 4 th September 2010 was used as reference data, along with field data collected in 2012 (Hojas Gascón and Eva, 2014) . It covers an area of 5.000 ha centred at Lat Long (-7.092, 36.035) (red polygon, Figure 1 ).
Data availability
From the cloud occurrence maps provided with the data we summed up the cloud free data frequency for each pixel in the SPOT scene area simulating 10 day (Sentinel-2A) and 5 day (Sentinel-2A and 2B) frequency acquisition.
We also acquired the available Landsat-8 images for the same period comprised by the SPOT4 Take5 data and produced the cloud free data frequency map for comparison.
SPOT image segmentation
To divide the images in land units we created two 'seasonal' mosaics, using SPOT images from the wet and dry season respectively. These were then segmented in combination to create polygons of a minimum mapping unit (MMU) of 0.5 ha and 1 ha size. This method was employed so as to retain and discriminate land features that may be distinct in either season.
NDVI, SAVI and MSAVI indices were calculated for the polygons. Analysis showed no significant difference between NDVI and SAVI trends, and the he MSAVI was not found to be effective at discriminating between woody and non-woody vegetation. For easy of processing we reduced the data to the NDVI series.
The NDVI was calculated for each single data image and for the layer stack. From the layer stack we extracted the average NDVI for each of the segments created from the seasonal mosaic. In the segmentation at a MMU of 1 ha, the average polygon size was 5.5 ha and the maximum 25 ha. In the segmentation at a MMU of 0.5 ha the average was 1 ha and the maximum 5 ha.
Object vegetation classification
The SPOT data was classified in a two steps processing.
Firstly, the WorldView-2 image was segmented so as to obtain polygons with a mean of 0.1 ha. Areas of bare soil and grass were identified using a 5% reflectance threshold in the red channel. Woody vegetation was then divided into tree cover (woody vegetation higher than 5 m) and shrub cover (woody vegetation lower than 5 m). Field data provided information on the ratio of woody vegetation height to crown width, which was found to be around 1. This was effected by classifying crown width less than 5 m as shrub formations.
Secondly, the segments from the SPOT data containing the NDVI profiles were then cross tabulated with the very high resolution (VHR) reference data. Therefore the segments from the SPOT data contain proportion of tree cover, shrub cover and non-woody land cover (grass or bare soil). As the data come from different dates, fine spatial resolution RapidEye data of 2013 were screened, so as to remove any areas that had undergone major land cover changes between the acquisition of the Worldview-2 data and the SPOT data. We then classified each segment by its proportions of the three elements with 6 category levels (0-10, 10-20, 20-40, 40-60, 60-80 and 80-100 cover percentages). For easy of nomenclature we combine the woody and tree proportions in a simple concatenation, for example, class W100F00 is all woody vegetation, of which trees (forest) is the only component, class W40F20 has 40% of woody vegetation, of which 20% is trees and 20% shrubs, hence 60% non-woody vegetation.
Extraction of NDVI profiles
The NDVI profiles were examined by vegetation classes. Cloud-affected dates were removed from the series by averaging proximate date values. Figure 2 shows that generally the NDVI of the land units falls from a peak at the start of the observation period (end of the wet season) until the end of the period (deep into the dry season). We also noted that the mean NDVI from the different classes pass from being very divergent at the end of the wet season to be very similar in the dry season. 
Class separability
Jeffries-Matusita Distance
The Jeffries-Matusita distance (hereafter JM distance) is a statistical measure of distance between two distributions (Swain, 1972) . The JM distance is defined as: (1) (2) where a and b are the two distributions C is the covariance matrix µ is the mean vector T is the transposition function The JM distance is asymptotic to √2 and as such, a value of √2 suggests that the two distributions are very separable. The JM distance is widely used in remote sensing applications (Ghiyamat et al., 2013; Padma and Sanjeevi, 2014) 
to determine
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-7/W3, 2015 36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin, Germany how distinct, and thus separable, different land cover classes or spectral signals are from each other.
Our goal is to assess the potential of the SPOT time series (simulating Sentinel-2) to discriminate between different forest classes. We calculated the JM taking full advantage of the Sentinel-2 repetitive observations (i.e. 5 days), and also simulating the revisit frequency with just one Sentinel (i.e. 10 days) and the current status (i.e. 16 days), by excluding half and two third of NDVI measurements, respectively.
Random Forest
Random Forest is a learning algorithm widely used in the statistical community to cluster data in different classes (among other analysis), constructing a multitude of decision trees at training time (Breiman, 2001) . It has been shown to be effective at land cover classification (Rodriguez-Galiano et al., 2012) . Our data were examined in Random Forest with a training of 150 of the 832 sample sites, also simulating 5 days, 10 days and 16 days revisit frequency.
RESULTS AND CONCLUSIONS
Cloud free image area
For the full SPOT scene 90% of the area is acquired cloud free at least once during the five month period of the Spot4 Take 5 experiment simulating one Sentinel-2 (an image every 10 days). This rises to 99% with Sentinel-2 A and B (acquiring images every 5 days). Figure 3 shows the increment of cloud free data frequency with both Sentinel-2 (SPOT) with respect to Landsat-8 during the same period. Combining both satellites (image not shown) the scene coverage is of 100%. 
NDVI time series
The averaged SPOT NDVI time series was compared to that obtained with the 250 m spatial resolution MODIS sensor (Figure 4) . The latter has been produced from mean NDVI records from 2000 to 2012 in 16-days periods across the study area. Taking into account that the SPOT time series is a one single acquisition composite, we can say that it corresponds well with the smoothed MODIS product, except in the transitional period between the wet and the dry season. The dip in the profile at this period could be caused by an anomaly in temperature or rainfall regime or to the low quality of the cloud flagging. Figure 4 . NDVI profile from SPOT and MODIS.
Forest classification
Jeffries-Matusita Distance
Sentinel A+B: We present in the appendix the matrix of the JM distance between the different forest classes (Figure 4 ). For the sake of simplicity, JM distance ranges from 0 to 1414. The bigger the distance, the better the separability. We can see that JM distance within classes which exhibite small differences in forest cover (i.e. 20%) is small. Conversely, when the forest cover falls from 40% on, the distance increases, thus rending easier the discrimination between the corresponding classes. For example, this is true in the case of W100F80 where JM distance from W100F60 is only 78, whereas the distance from W100F40 is 339.
Sentinel A:
We have computed the matrix of the JM distance between the different forest classes also in the case of Sentinel A (not shown here). For this configuration we used half of the observations, in order to simulate the 10 day revisit time. To wrap up, if we compute the mean of the ratio between the JM distance with all the observations (i.e. Sentinel A+B) and half of the observations, we obtain a positive increment of 5.7% in the distance when using both satellites. This means that, overall, there is an improvement of separation capabilities by increasing the frequency of observations. However, this small value of the increment might be due to the fact that many forest classes are undistinguishable (see Figure 2) , and reducing or increasing the frequency does not always help to differentiate them. Also note that the relatively high values of the standard deviation of NDVI (not shown in the graphic) do not always allow the complete separability within two similar classes, resulting often in a partial overlap.
Current acquisition:
The same procedure has been applied also for the case of the current frequency acquisition of satellite data of similar spatial resolution (i.e. 16 days), and so only one third of the observations were retained. In this case, the mean of the ratio of the corresponding JM distances indicates an improvement up to 14.5% when using Sentinel A and B, with respect to the current acquisition frequency. Again, there is always the issue of the separability between close classes that might lower this statistic.
Random Forest
Sentinel A+B: From the confusion matrix (Table1) we can assess the class separability and hence assess by what percentage forest cover would have to fall to be correctly identified. We note that a change of two classes (i.e. 40% fall in forest cover) is required to ensure correct identification (e.g. from F100 to F60), with a probability of 95% approximately. The detection of 20% forest cover loss has a risk of misclassification by 20% approximately.
Sentinel A:
SPOT F100  F80  F60  F40  F20  F10   WV2  F100  240  151  41  10  7  5   F80  78  556  183  27  5  15   F60  15  217  442  144  21  38   F40  5  19  158  337  116  77   F20  2  1  18  141  233  185   F10  1  1  8  8  129  664   Table 2 . Confusion matrix of classification with SPOT simulating Sentinel-2A in comparison to Worldview-2.
The confusion matrix from the SPOT data with a 10 days acquisition frequency does not give very different results to the previous one. Random Forest analysis upholds our previous findings using the Jeffries-Matusita Distance: close classes (cover difference smaller than 20%), are difficult to discriminate; conversely, when the forest cover difference between two classes is greater or equal to 40%, the separability is easy.
Current acquisition:
SPOT F100  F80  F60  F40  F20  F10   WV2  F100  225  151  39  23  12  4   F80  81  513  214  40  3  13   F60  10  229  405  150  34  49   F40  3  24  170  293  114  108   F20  2  1  26  130  207  214   F10  2  2  16  16  156  631   Table 3 . Confusion matrix of classification with the current acquisition in comparison to Worldview-2.
In the case of the current acquisition frequency, Random Forest results give smaller improvement respect to the higher frequencies than the JM distance. The detection of 20% forest cover loss has a risk of misclassification of 25% approximately, while the detection of 40% forest cover loss of only a bit more than 5%.
Both JM distance and Random Forest analysis were done at a 0.5 and 1 ha MMU. However little differences were found between them and so only the tables with the 0.5 ha are presented.
Conclusions
The increased provision of medium (~10m) spatial resolution data acquisition from its current (c.16 days) to 10 days with one Sentinel platform, and 5 days with two operating platforms, promises to bring higher potential for detecting and quantifying forest degradation. Using the 20m resolution SPOT4 Take 5 data, processed to a simple vegetation index (NDVI) we have shown that forest degradation can be detected when a reduction of 40% canopy cover or more occurs in 0.5 ha land units. This is valid for both 5 and 10 day acquisitions. Lower reductions in canopy cover are also detectable, however, with a higher (~ 20-5%) chance of misclassification.
Deforestation and forest degradation monitoring in the context of REDD+ require change detections of 10% and less than 10% respectively in the forest cover of land units of 0.05-1 ha. Here we could only discriminate classes with forest cover with more than 40% difference. However, the results should underestimate the potential of Sentinel, which has a finer (10m) spatial resolution and finer band widths. At the same time data were available only for a limited period (5 months) of the year.
The development of better indices and the employment of wave analysis (e.g. Fourier) to characterize the vegetation changes over the full growing season, and eventually to historical data, should provide more robust results. Further improvement could be made by the integration of Landsat -and even MODIS data. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-7/W3, 2015 36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin, Germany 
